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Synthesis 
Sn-Beta 
A mixture of 7.57 g of tetraethylammonium hydroxide solution (Sigma-Aldrich, 
35 wt% in water), 7.011 g of tetraethylorthosilicate (Sigma-Aldrich, 98 wt%) and 0.121 g 
of tin (IV) chloride pentahydrate (Sigma-Aldrich, 98 wt%) in 15 g of water were stirred 
at RT temperature until complete hydrolysis of the tetraethylorthosilicate was achieved. 
The mixture was then allowed to reach the desired water ratio by complete evaporation of 
ethanol and some water. Finally, 0.690 g of HF solution (Mallinckrodt, 52 wt% in water) 
was added, resulting in a thick gel. The gel composition was SiO2 / 0.01 SnCl4 / 0.55 
TEAOH / 0.54 HF / 7.52 H2O.  This gel was transferred to a Teflon-lined stainless steel 
autoclave and heated at 140°C for 40 days. The solids were recovered by filtration, 
extensively washed with water, and dried at 100°C overnight. The solid catalyst was 
calcined at 853 K for 6 h to remove the structure-directing agent.  
 
Ti-Beta 
7.503 g of tetraethylammonium hydroxide solution (Sigma-Aldrich, 35%wt in 
water) was diluted with 15 g of water. Then, 7.016 g of tetraethylorthosilicate (Sigma-
Aldrich, 98%wt) and 0.201 g of titanium (IV) isopropoxide (Sigma-Aldrich, 97%wt) 
were added to the solution. The mixture was stirred until complete hydrolysis of the 
tetraethylorthosilicate and titanium (IV) isopropoxide was obtained.  Next, the solution 
was allowed to reach the desired water ratio by complete evaporation of ethanol, 
isopropanol, and some water. Finally, 0.670 g of HF solution (Mallinckrodt, 52%wt in 
water) was added resulting in a thick gel. The gel composition was SiO2 / 0.021 TiO2 / 
0.54 TEAOH / 0.53 HF / 6.6 H2O.  This gel was transferred to a Teflon-lined stainless 
steel autoclave and heated at 140°C for 14 days. The solid was recovered by filtration, 
extensively washed with water, and dried at 100°C overnight. The solid was calcined at 
580ºC for 6 hours to remove the organic content located within the crystalline material.  
The calcined Sn-Beta and Ti-Beta solid material were characterized using X-ray 
diffraction, UV-vis diffuse reflectance spectroscopy and scanning electron microscopy 
coupled with energy dispersive spectroscopy. 
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Reactor system 
The organic solvents, tetramethyl furfural (THF), 1-butanol, 2-butanol, methanol 
and HCl were obtained from VWR. Sodium chloride (NaCl), magnesium chloride 
(MgCl2), potassium bromide (KBr), glucose, starch were purchased from Sigma Aldrich.  
Single-phase reactor system experiments were carried out in 10 ml thick-walled glass 
reactors (VWR) heated in a temperature-controlled oil bath placed on top of a digital 
stirring hotplate (Fisher Scientific).  In a typical experiment, 1 g of an aqueous solution 
composed of 10 wt% glucose and the corresponding catalyst amount to achieve a 1:200 
metal:glucose molar ratio were added to the reactor and sealed.  The reactor was placed 
in the oil bath and removed at specific times.  The reaction was stopped by cooling the 
reactor in an ice bath.   
Biphasic reactor system experiments were performed in 10 ml thick-walled glass 
reactors (VWR) for reactions at 160°C and 25ml Teflon-lined stainless steel autoclave 
reactors for reactions at 180°C.  In a typical experiment, 1 g of an aqueous solution 
composed of 10 wt% glucose and the corresponding catalyst amount to achieve a 1:200 
metal:glucose molar ratio, adjusted to a pH of 1 using HCl, was combined with the 
appropriate amount of organic solvent to obtain a volume ratio of aqueous to organic 
phase of 3. Prior to use, 1-butanol and 2-butanol were saturated with water when used as 
the organic media.  The thick-walled glass reactors were placed in a temperature-
controlled oil bath placed on top of a digital stirring hotplate (Fisher Scientific) and 
heater up to 160°C for a certain time.  On other hand, the Teflon-lined stainless steel 
autoclave reactors placed in a rotating muffler furnace and heated up to 180°C.  The 
reactions in both reactor systems were stopped by cooling the reactors in an ice bath. In 
the case of cellobiose and starch, a mixture of 10wt% of cellobiose or starch in H2O at 
pH=1 (HCl) was initially heated to 180°C for 40 min using the Teflon-lined stainless 
steel autoclave reactors.  This was followed by cooling the reactors to room temperature 
and adding the appropriate amount of Sn-Beta, salt and the organic solvent.  The reactors 
were then placed in a rotating muffler furnace and heated up to 180°C for an additional 
60 min. 
Sample analyses were performed by means of high performance liquid 
chromatography (HPLC) using an Agilent 1200 system (Agilent Technologies Corp.) 
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equipped with PDA UV (320 nm) and evaporative light-scattering (ELS) detectors.  
Glucose and fructose concentrations were monitored with a Biorad Aminex HPX87C 
(300 x 7.8) column (Phenomenex), using ultrapure water (pH = 7) as the mobile phase at 
a flow rate of 0.60 ml/min and a column temperature of 353 K. Conversion of glucose 
and selectivities are defined as follows: 
 
Conversionglucose  = (molesglucose reacted) / (molesglucose initial) 
 
SelectivityHMF  = (molesHMF produced) / (molesglucose reacted) 
 
Cellobiose and starch runs 
 
molesglucose reacted = molesglucose from cellobiose/starch initial–molesglucose out 
 
Conversionglucose  = (molesglucose reacted) / (molesglucose initial) 
 
SelectivityHMF  = (molesHMF produced) / (molesglucose reacted) 
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Reactor Studies: Effect of acid, salt and organic phase 
 
Figure S1.  Conversion of glucose to HMF reaction in a biphasic system using different 
inorganic salts. Reaction conditions: Glucose to tin molar ratio of 200, 1:3 water to 1-
butanol volume ratio, pH = 1 in HCl, T=160°C, 35 g of salt in 100 g of water.  
 
 
 
 
Figure S2.  Synthesis of HMF from glucose in a biphasic system using Sn-Beta zeolite 
and various acid catalysts. Reaction conditions: Glucose to tin molar ratio of 200, 1:3 
water to 1-butanol phase volume ratio, pH = 1 in acid, T=160°C, 35 g of NaCl in 100 g of 
water. 
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Figure S3.  Conversion of glucose to HMF using various organic solvents as the 
extraction phase in biphasic systems containing Sn-Beta and HCl. Reaction Conditions: 
Glucose to tin molar ratio of 200, 1:3 water to organic phase volume ratio, pH of 1 in 
HCl, 35 g of NaCl in 100 g of water. 
 
 
 
Figure S4.  N2 adsorption studies of Sn-Beta exposed to different treatments. 
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Characterization Techniques 
Powder X-ray diffraction (XRD) patterns were collected by using a Scintag XDS 
2000 diffractometer using Cu Kα radiation.  Scanning electron microscopy (SEM) with 
Energy Dispersive X-ray Spectroscopy (EDS) measurements were recorded on a LEO 
1550 VP FE SEM at an electron high tension (EHT) of 10 kV.  Various regions of each 
sample were analyzed using elemental mapping and the average values were reported.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S5. a) XRD spectra of Sn-Beta zeolite before and after reaction. Reaction 
conditions: Sn-Beta to glucose molar ratio of 200, 1:3 water to THF volume ratio, pH of 
1 in HCl, 35 g of NaCl in 100 g of water. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 S8 
 
 
 
 
 
 
 
Figure S6. a) Scanning electron micrographs of fresh Sn-Beta after synthesis and 
calcination b) Scanning electron micrograph of Sn-Beta after reaction. Reaction 
conditions: Sn-Beta to glucose molar ratio of 200, 1:3 water to THF volume ratio, pH of 
1 in HCl, 35 g of NaCl in 100 g of water. 
 
 
